This study examined the use of high dosages of ultraviolet germicidal irradiation (UVGI) (253.7 12 nm) to deal with various concentrations of air pollutants, such as formaldehyde (HCHO), total volatile organic 
Unfortunately, UVGI can cause erythema, photokeratitis, and conjunctivitis. The American Conference of a set of optimal operating conditions for the use of UVGI in the removal of indoor air pollutants. 85 86 87
Materials and Methods 88

UVGI experiments in environment chambers
89
This study employed UVGI lamps (XH-20, 20W-UVC) containing low-pressure mercury-vapor for the 90 emission of short-wave UV radiation (253.7 nm). The lamps are 13 cm long with a radius of 1.9 cm. The UVGI 91 lamp has been treated to block wavelength at 180 nm. The experiment was designed to explore the effects of Four sites were selected for the field tests in this study: an underground parking lot, a kitchen waste area, an integrated traditional Chinese and western medicine clinic (Clinic A), and a medical cosmetics clinic (Clinic B). Samples (two each morning and two each afternoon) were obtained from each site over the period from TVOC, HCHO, bacteria, and fungi. Background concentrations were measured prior to the initiation of UVGI 124 irradiation. The UVGI irradiation plans implemented in the test sites are presented in Table 1 . Table. 1 Details of building information and UVGI application for field studies.
126
128
A Formaldemeter htv-m instrument (PPM Technology, Caernarfon, UK) was used to measure HCHO, 129 which had been placed in a calibration tube in the test environment for at least one hour to balance its 130 temperature with that of the environment location, with references to the accompanying temperature and 131 formaldehyde concentration table to calibrate the instrument. A ppbRAE-3000 VOC monitor (RAE Systems
132
Inc., USA) was used to measure TVOC. To ensure the accuracy of experiment data, zero-point calibration was 133 performed using an activated carbon tube and span calibration using 10 ppm of isobutylene (C 4 H 8 ) gas, with 134 calibration error less than 10%. 
where C UVGI before is the concentration of air pollutants before prior to the application of UVGI, C UVGI after is 159 the concentration of air pollutants after using UVGI, C o is initial concentration of air pollutants, and C i is final 160 concentration of air pollutants.
We calculated the radiation view factor to estimate UVGI intensity [26] , as shown in Eq. (4). The intensity with a 254 nm sensor in order to quantify the difference between calculated and measured data associated with 
168 where x is distance from the lamp (cm), l is length of the lamp segment (cm), and r is the radius of the 169 lamp (cm).
171
Irradiation intensity at any given point is determined according to surface irradiation intensity (I sur ), as 172 shown in Eq. (5):
where I sur is the UV intensity at x,y,z point, E UV is power output of lamp (W cm -2 ), F is the radiation view 176 factor, r is the radius of the lamp, and l is the length of the lamp segment (cm).
178
Distance from UVGI lamp (cm) 
231
Our results indicate that with UVGI, the O 3 response mechanisms involves the absorption of UV light (200
232
-280 nm) by ozone and resulting in its breaking down into oxygen molecules and atoms, thereby reducing the concentration of O 3 in the test chambers after just one or two hours of UV irradiation.
Efficiency of air pollutant removal through long-term exposure to UVGI
238
The efficiency of chemical air pollutants removal by long-term exposure to UVGI is presented in Figs. 
248
In the clinics, the fumes produced by materials used in building renovation as well as the volatile medical 249 sterilizers used in the clinics produced considerable quantities of VOCs. After one week of UVGI, the average eV) to promote breakage. The photon energy of the UVGI in this study (4.89 eV) was higher than that required 298 to break C-H bonds; therefore, the removal efficiency of TVOC was higher in the underground parking lot.
299
The efficiency of long-term exposure to UVGI in the removal of HCHO and TVOC was determined by J of photon energy using the Planck equation, and are equivalent to 4.3 eV and 7.6 eV of energy.
308
The wavelength of the UVGI in this study was 253.7 nm, which is equivalent to 4.89 eV, which is higher than 309 the energy present in the C-H bonds in HCHO (98.7 kcal/mol; 4.3 eV). Thus, direct photolysis is able to break 310 the C-H bonds but not the C=O bonds. As a result, the UVGI in this study was able to remove some, but not all,
311
of the HCHO.
312
After one week of UVGI irradiation, the concentration levels of TVOC in the kitchen waste area, Clinic , which indicates removal rates of 57.0 to 87.0% in the underground parking lot, the kitchen waste area,
332
and Clinic A; however, no significant effects were observed in Clinic B. Two weeks of UVGI irradiation With regard to the efficiency of long-term UVGI at removing bacteria and fungi, one week of UVGI 340 reduced the background concentrations of bacteria by 8.8 to 64%, whereas two weeks of UVGI decreased the 341 background concentrations by 60.6 to 84.0% in the kitchen waste area, underground parking lot and Clinic A.
342
With the exception of Clinic B, the removal rates after the second week of UVGI were 12.9 to 20.0% higher 
352
The effects of UVGI on the removal of bacteria and fungi differed slightly from those reported by 
364
Efficiency of air pollutant removal using various UVGI irradiation methods
365
HCHO and TVOC were removed using the UVGI irradiation methods shown in Figs. 6 (a) and (b).
366
Downward irradiation was the most effective approach to HCHO removal, followed by upward irradiation.
367
Upper space irradiation proved the least effective. Downward irradiation for two weeks reduced background 
397
With regard to the removal of HCHO or TVOC, there are no observable differences in the three UVGI 398 methods (Table 4 ). In the removal of bacteria, upward irradiation (p-value: 0.031) and downward irradiation
399
(p-value: 0.027) proved significantly more efficient than upper space irradiation. In the removal of fungi,
400
upward irradiation is more efficient than downward irradiation (p-value: 0.007). These findings are consistent 401 with those of Miller and MacHer [4] . A closer distance to the ceiling enables narrowband UVGI to kill the upper space irradiation may be due to the fact that the UVGI source is placed within the FCU system in the 
